The relationship between selected endocrine and metabolic factors and suckling aggressiveness in Brown Swiss and Holstein dairy calves by Den Beste, Margaret Ann
Graduate Theses and Dissertations Iowa State University Capstones, Theses andDissertations
2009
The relationship between selected endocrine and
metabolic factors and suckling aggressiveness in
Brown Swiss and Holstein dairy calves
Margaret Ann Den Beste
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/etd
Part of the Animal Sciences Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Graduate Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Den Beste, Margaret Ann, "The relationship between selected endocrine and metabolic factors and suckling aggressiveness in Brown
Swiss and Holstein dairy calves" (2009). Graduate Theses and Dissertations. 11032.
https://lib.dr.iastate.edu/etd/11032
The relationship between selected endocrine and metabolic factors and suckling 
aggressiveness in Brown Swiss and Holstein dairy calves   
 
by 
 
 
Margaret Ann Den Beste 
 
 
 
 
A thesis submitted to the graduate faculty 
 
in partial fulfillment of the requirements for the degree of 
 
MASTER OF SCIENCE 
 
 
 
 
Major:  Animal Physiology 
 
Program of Study Committee: 
Howard D. Tyler, Major Professor 
Michael D. Kenealy 
Leo L. Timms 
 
 
 
 
 
 
 
 
 
 
 
Iowa State University 
 
Ames, Iowa 
 
2009 
 
Copyright © Margaret Ann Den Beste, 2009.  All rights reserved. 
ii 
 
TABLE OF CONTENTS 
 
LIST OF FIGURES iv 
LIST OF TABLES viii 
ACKNOWLEDGEMENTS ix 
CHAPTER ONE. GENERAL INTRODUCTION 1 
Thesis Organization 1 
The Relationship Between Selected Endocrine and Metabolic Factors and Suckling 
Aggressiveness in Dairy Calves: A Review 1 
Introduction 1 
Factors That Regulate Feed Intake in Young Ruminants and Non-Ruminants 2 
Ghrelin 2 
Leptin 3 
Non-Esterified Fatty Acids 4 
Glucose 6 
Factors That Initiate Suckling in Newborns 9 
Initiation of Suckling 9 
Breed Differences in Dairy Cattle 10 
Literature Cited 12 
CHAPTER TWO. RELATIONSHIP BETWEEN SELECTED ENDOCRINE AND 
METABOLIC FACTORS AND SUCKLING AGGRESSIVENESS IN 
NEWBORN BROWN SWISS AND HOLSTEIN CALVES 19 
Introduction 19 
Materials and Methods ERROR! BOOKMARK NOT DEFINED.20 
Animal Management 20 
Blood Metabolite and Hormone Analysis 21 
Statistical Analysis 23 
Results 24 
At Birth 24 
1 Hour After Birth 30 
5 Minutes into Suckling 35 
10 Minutes into Suckling 41 
Changes in Measured Parameters Over Time 45 
Discussion 51 
Literature Cited 51 
CHAPTER THREE. EFFECTS OF GLUCOSE ON SUCKLING AGGRESSIVENESS 
IN NEWBORN BROWN SWISS AND HOLSTEIN CALVES 53 
Introduction 53 
Materials and Methods ERROR! BOOKMARK NOT DEFINED.53 
Animal Management 53 
Blood Metabolite and Hormone Analysis 55 
iii 
 
Statistical Analysis 57 
Results 58 
Breed Differences 58 
At Birth 61 
1 Hour After Birth 61 
Discussion 76 
Literature Cited 77 
CHAPTER FOUR. GENERAL CONCLUSIONS 78 
Literature Cited 79 
APPENDIX A. STANDARD OPERATING PROCEDURES FOR THE EXPERIMENT
 80 
APPENDIX B. ADDITIONAL FIGURES 81 
 
iv 
 
 
 LIST OF FIGURES 
Figure 1.  Metabolic Pathways 7 
 
Figure 2.  Mean NEFA concentrations at birth were higher (P = 0.0222) in calves with 
increasing subsequent suckling aggressiveness scores (SAS) 27 
 
Figure 3.  Breed-suckling aggressiveness interaction for NEFA concentrations at birth. 
Mean NEFA concentrations tended (P = 0.0514) to be higher in Brown Swiss 
calves than in Holstein calves and NEFA concentrations increased as calves 
subsequently suckled more aggressively in both breeds 28 
 
Figure 4.  Mean NEFA concentrations at birth were lower (P = 0.0187) in calves that 
subsequently suckled weakly (SAS 1 and 2) than  in calves that subsequently 
suckled more aggressively (SAS 3) 29 
 
Figure 5.  Mean NEFA concentrations were lower (P = 0.0069) in Brown Swiss calves 
that subsequently suckled weakly (SAS 1 and 2) than calves that subsquently 
suckled aggressively while NEFA concentrations were not different in 
Holstein calves that suckled weakly (SAS 1 and 2) and calves that suckled 
more aggressively (SAS 3) 31 
 
Figure 6.  Mean NEFA concentrations at birth were lower (P = 0.0229) in calves that 
subsequently suckled weakly (SAS 1) than in calves that subsequently 
suckled more aggressively (SAS 2 and 3) 32 
 
Figure 7.  Mean NEFA concentrations at 1 hour after birth (pre-suckling) tended (P = 
0.0780) to increase with increasing subsequent suckling aggressiveness score 
(SAS) 34 
 
Figure 8.  Mean NEFA concentrations at 1 hour after birth (pre-suckling) tended (P = 
0.0785) to be lower in calves that subsequently suckled weakly (SAS 1 and 
2) than in calves that subsequently suckled more aggressively (SAS 3) 36 
 
Figure 9.  Mean NEFA concentrations at 1 hour after birth (pre-suckling) were lower (P = 
0.0249) in calves that subsequently suckled weakly (SAS 1) than in calves 
that subsequently suckled more aggressively (SAS 2 and 3) 37 
 
Figure 10.  Mean NEFA concentrations at 1 hour after birth (pre-suckling) tended (P = 
0.0919) to be lower in Brown Swiss calves that subsequently suckled weakly 
(SAS 1 and 2) than in Brown Swiss calves that subsequently suckled more 
aggressively (SAS 3) and Holstein calves were not significantly different by 
subsequent suckling aggressiveness scores 38 
 
v 
 
Figure 11.  Mean ghrelin concentrations at 1 hour after birth (pre-suckling) tended (P = 
0.0936) to be lower in Brown Swiss calves than in Holstein calves 39 
 
Figure 12.  Mean NEFA concentrations 5 minutes into suckling tended (P = 0.0643) to be 
lower in calves that suckled weakly (SAS 1) than calves that suckled more 
aggressively (SAS 2 and 3) 42 
 
Figure 13.  Mean NEFA concentrations 10 minutes into suckling were lower (P = 0.0268) 
in calves that suckled weakly (SAS 1) than calves that suckled more 
aggressively (SAS 2 and 3) 44 
 
Figure 14.  Mean NEFA concentrations increased (P = 0.0278) over time in Brown Swiss 
calves but did not change in the Holstein calves 46 
 
Figure 15.  Mean NEFA concentrations increased over time for calves that suckled 
weakly (P < 0.0001) while remaining unchanged in calves that suckled 
moderately aggressive and those that suckled aggressively 47 
 
Figure 16.  Mean NEFA concentrations increased (P < 0.0001) over time in Brown Swiss 
calves that suckled weakly (SAS 1 and 2) while calves that suckled more 
aggressively (SAS 3) and all Holstein calves remained unchanged 48 
 
Figure 17.  Mean NEFA concentrations increased (P < 0.0001) over time in calves that 
suckled weakly (SAS 1) while calves that suckled more aggressively (SAS 2 
and 3) remained unchanged 49 
 
Figure 18.  Mean NEFA concentrations increased (P < 0.0001) over time in Brown Swiss 
calves that suckled weakly (SAS 1) while calves that suckled more 
aggressively (SAS 2 and 3) and all Holstein calves remained unchanged 50 
 
Figure 19.  Mean NEFA concentrations in calves at birth (pre-treatment) tended to be 
lower (P = 0.0538) in calves that subsequently suckled poorly (SAS 1 and 2) 
compared to calves that subsequently suckled aggressively (SAS 3) 63 
 
Figure 20.  Mean glutamate concentrations were lower (P = 0.0270) in Brown Swiss 
calves at birth than in Holstein calves at birth (pre-treatment) 64 
 
Figure 21.  Mean glutamate concentrations were lower (P = 0.0151) at birth in calves that 
were subsequently treated with glucose than in those that were subsequently 
treated with insulin 65 
 
Figure 22.  Mean glutamate concentrations at birth tended to decrease (P = 0.0869) with 
increasing subsequent suckling aggressiveness score (SAS) 66 
 
vi 
 
Figure 23.  Mean glutamate concentrations in calves at birth tended to be higher (P = 
0.0748) in calves that subsequently suckled weakly (SAS 1 and 2) than in 
calves that subsequently suckled more aggressively (SAS 3) 67 
 
Figure 24.  Mean glucose concentrations were higher (P = 0.0001) post-treatment (1 hour 
of age) in calves treated with glucose than in calves that were treated with 
insulin 69 
 
Figure 25.  Mean glucose concentrations tended to be lower (P = 0.0821) in Brown Swiss 
calves at 1 hour of age than in Holstein calves at 1 hour of age (post-
treatment) 71 
 
Figure 26.  Mean glucose concentrations in calves at 1 hour of age (post-treatment) 
tended to be higher (P = 0.0806) in calves that suckled poorly (SAS 1 and 2) 
compared to calves that suckled aggressively (SAS 3) 72 
 
Figure 27.  Mean glutamate concentrations tended to be lower (P = 0.0814) in Brown 
Swiss calves at 1 hour of age than Holstein calves at 1 hour of age (post-
treatment) 73 
 
Figure 28.  Mean leptin concentrations tended to be lower (P = 0.0586) in Brown Swiss 
calves at 1 hour of age than in Holstein calves at 1 hour of age (post-
treatment) 74 
 
Figure 29.  Mean ghrelin concentrations in calves at 1 hour of age (post-treatment) tended 
to be higher (P = 0.0841) in calves that suckled poorly (SAS 1) compared to 
calves that suckled aggressively (SAS 2 and 3) 75 
 
Figure A1.  Glucose concentrations analyzed by Roche diagnostics kit and Wako 
diagnostics kit were positively correlated (R = 0.89941) 82 
 
Figure A2.  Mean glucose concentrations at 1 hour after birth (pre-suckling) for Brown 
Swiss and Holstein calves as determined by two assays 83 
 
Figure A3.  Mean glucose concentrations at 1 hour after birth (pre-suckling) for Brown 
Swiss and Holstein calves with different levels of suckling aggressiveness as 
measured by two different assays 84 
 
Figure A4.  Glucose concentrations at 1 hour after birth (pre-suckling) for calves with 
different levels of suckling aggressiveness as measured by two different 
assays 85 
 
Figure A5.  Glucose concentrations at 1 hour after birth (pre-suckling) for Brown Swiss 
and Holstein calves at different levels of suckling aggressiveness as 
measured by two different assays 86 
vii 
 
Figure A6.  Glucose concentrations at 1 hour after birth (pre-suckling) in Brown Swiss 
and Holstein calves at different levels of suckling aggressiveness as 
measured by two different assays 87 
 
Figure A7.  Glucose concentrations at 5 minutes into suckling for Brown Swiss and 
Holstein calves as measured by two different assays 88 
 
Figure A8.  Glucose concentrations at 10 minutes into suckling for Brown Swiss and 
Holstein calves as measured by two different assays 89 
 
Figure A9.  Comparison of at birth and pre-suckling NEFA concentrations of calves on 
project one (at birth samples collected at 25.00 ± 15.77 minutes, pre-suckling 
samples collected at 79.00 ± 61.79 minutes) vs. calves on project two (at 
birth samples collected at 3.25 ± 1.52 minutes, pre-suckling samples 
collected at 57.85 ± 3.17 minutes) 90 
 
viii 
 
LIST OF TABLES 
 
Table 1.  The frequency distribution of suckling aggressiveness scores in Brown Swiss 
calves were not significantly different (P = 0.1653) than suckling aggressiveness 
scores in Holstein calves  25  
 
Table 2.  Least square means for serum glucose, NEFA, leptin and ghrelin concentrations 
of calves at birth by breed and subsequent suckling aggressiveness scores 26 
 
Table 3.  Least square means for serum glucose, NEFA, leptin and ghrelin concentrations 
of calves at 1 hour after birth (pre-suckling) by breed and subsequent suckling 
aggressiveness scores 33 
 
Table 4.  Least square means for serum glucose, NEFA, leptin and ghrelin concentrations 
of calves 5 minutes into suckling by breed and subsequent suckling 
aggressiveness scores 40 
 
Table 5.  Least square means for serum glucose, NEFA, leptin and ghrelin concentrations 
of calves 10 minutes into suckling by breed and subsequent suckling 
aggressiveness scores 43 
 
Table 6.  Brown Swiss calves had a higher frequency (P = 0.0085) of lower suckling 
aggressiveness scores while Holstein calves had a higher frequency of higher 
suckling aggressiveness scores 59 
 
Table 7.  Frequency distribution of suckling aggressiveness scores for calves treated with 
glucose and with insulin were not significantly different (P = 0.4898) 60 
 
Table 8.  Least squares means serum glucose, NEFA, glutamate, leptin and ghrelin 
concentrations in calves at birth (pre-treatment) by breed, treatment and 
subsequent suckling aggressiveness scores 62 
 
Table 9.  Least squares means for serum glucose, NEFA, glutamate, leptin and ghrelin 
concentrations of calves at one hour of age (post-treatment) for breed, treatment 
and suckling aggressiveness 68 
 
ix 
 
ACKNOWLEDGEMENTS 
 As customary, it is my privilege and honor to acknowledge and give my utmost 
gratitude to a number of individuals.  Without any one of these friend’s support, 
guidance, belief in me, words of encouragement, time, patience, and love, I never would 
have been able to accomplish this degree or have grown and matured over the past three 
years.  I am forever indebted to each and every one of them and would like to 
acknowledge each of them. 
 First and foremost, I would like to express my sincere appreciation to my Major 
Professor, Dr. Howard Tyler, and my committee members, Dr. Leo Timms and Dr. 
Douglas Kenealy.  Dr. Tyler believed enough in me to give me the opportunity to return 
to school to obtain my masters.  Without him, I truly would not be here.  Over the past 
three years he has continued to believe in me, gave me guidance, pushed me out of my 
comfort zone and helped me gain belief in myself.  I would like to thank Dr. Timms and 
Dr. Kenealy for their guidance and support on my project and in life.  I would like to 
thank all of these professors for being a part of my committee and journey.  
I would like to thank my fellow graduate students, Nicole Tinfo, Kristin Hard-
Robertson, Tricia Wolfswinkel, Kim Morrill, Patti Anderson, and Erin Conrad, for their 
support and friendship.  Without their words of encouragement, help with projects, study 
groups, and occasional breaks from the daily grind, I probably would have lost all sanity.  
I would like to express my sincere appreciation to all those that helped on my 
project.  The undergraduates, Nate Wise, Holly Edwards, Brandy Jacobs, Missey 
Tegtmeyer, Ty Bauman, and Ashley Hantelman, for there long hours on cow watch, 
assistance in delivery and treatment, and aid in chores. Also, Allison Flinn for her help 
x 
 
organizing and assisting in running assays. I would like to thank the staff at the ISU 
Dairy Farm for aiding in calf watch and deliveries.  I would like to thank Mark Anderson 
for his assistance in performing my statistical analysis. Lastly, a special thanks to Portia 
Allen and Dr. Beitz’s lab for the use of their lab and equipment and for Portia’s patience 
in teaching and helping me perform assays.   
I would like to thank ALL of my friends (this includes people mentioned above) 
and family.  I have been blessed to have some of the most amazing individuals in my life.  
Over the past three years, they have aided in caring for my son while working on my 
project or attending national meetings, given me encouragement when I was discouraged, 
and supported me in all the little and major challenges. Over my lifetime, they have given 
words of encouragement, support through all of life’s many challenges, and have shared 
in some pretty amazing times too.  Most importantly they have shown friendship and 
unconditional love. They have supported me in all ways.   
I would also like to thank my parents, for the amazing job they did raising me. 
They showed me unconditional love, guidance, support, and instilled many wonderful 
values in me.  To my mom, I would like to thank her for always being there and being the 
most amazing mom ever.  She always put everyone else’s needs before her own and 
showed me what it is to be a good mom.  I strive every day to be as good of a mother to 
Ethan as she was to me.  I wish she could be here and hope that I always make her proud.  
To my dad, I would like to thank him for his continued love and support.  He has taught 
me valuable life lessons, given much needed advise, and is always there for me. I love 
you both very much and could not have asked for better parents. 
xi 
 
Lastly, and most importantly, I would like to thank my son and God.  Ethan was 
the inspiration in my decision to come back to school and God gave me the strength and 
means by which to do it.  I hope to show Ethan that anything is possible and to never 
settle when it comes to his happiness. They continue to be my inspiration and support in 
every decision I make.  I would like to thank them for their unconditional love, support, 
and patience. And a special thanks to Ethan for his flexibility and understanding when he 
had to live without or be toted off to friends and families houses while I worked on 
projects or attended meetings.  Ethan you are my bright spot at the beginning and end of 
every day.   
THANK YOU!!! 
1 
 
CHAPTER ONE 
GENERAL INTRODUCTION 
Thesis Organization 
 The following thesis is organized into four chapters and two appendices.  Chapter 
One is a review of the literature covering the relationship between selected endocrine and 
metabolic factors and suckling aggressiveness in dairy calves.  Chapter Two is a 
summary of research conducted to determine physiological differences between calves 
that suckled weakly and those that suckled more aggressively.  Chapter Three is a 
summary of research conducted to determine if altering blood glucose at birth by treating 
with insulin or glucose altered suckling aggressiveness in calves.  General conclusions 
from these experiments are in Chapter Four.  Appendix A contains validation procedures 
for glucose.  Appendix B contains additional graphs that were not included in the initial 
data.  The research summarized in this thesis will be submitted for publication, and 
coauthors will include Howard D. Tyler and Jennifer Bentley.  
The Relationship Between Selected Endocrine and Metabolic Factors and Suckling 
Aggressiveness in Dairy Calves: A Review 
Introduction 
 Dairy heifer mortality is highest during the pre-weaning period, with 7.8% of 
heifer calves dying between 48 hours and 8 weeks of age (USDA, 2009).  Wells et al. 
(1996b) determined the most important factor affecting early calf survivability was first 
colostrum feeding method, timing and volume.  Many calves will not voluntarily 
consume adequate amounts of colostrum during that crucial time.  However, up to 31% 
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of dairy heifer mortality could be prevented by ensuring that calves receive adequate 
amounts of colostrum within 6 hours of life (Wells et al., 1996b).   
Colostrum ingestion is vitally important to calf survivability.  Therefore, it is 
critical to understand the physiological factors initiating suckling and determining the 
level of suckling aggressiveness in calves.  This review focuses on endocrine and 
metabolic factors in the newborn calf and their potential roles in initiating suckling and 
regulating suckling aggressiveness.  
Factors That Regulate Feed Intake in Young Ruminants and Non-Ruminants 
Ghrelin 
In 1996, Howard et al. (1996) isolated growth hormone secretagogues receptor 
(GHS-R) located in the pituitary and hypothalamus.  In 1999, Kojima et al. isolated the 
previously unknown endogenous ligand, a 28-amino acid peptide, and named the growth 
hormone releasing peptide ghrelin.  They also found that the GHS-R is also expressed in 
the heart, lungs, pancreas, intestine and adipose tissue (Kojima et al., 1999).  Ghrelin is 
produced in the mucosal layer of the fundus of the stomach and circulated in the 
bloodstream to bind with its receptor in the hypothalamus to regulate GH releasing 
activity via the hypothalamic arcuate nucleus (ARC) (Tamura et al., 2002) or the anterior 
pituitary (Guan et al., 1997).  The primary role of ghrelin is to stimulate growth hormone 
release (Kojima et al., 1999); however, it may also play a role in promoting energy-
efficient metabolism during starvation (Tschop et al., 2000) by activating hypothalamic 
regulatory centers.  
Ghrelin functions much the same in ruminants.  Ghrelin mRNA is expressed 
primarily in the abomasum, although it is also expressed in the hypothalamus, pituitary, 
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heart, liver, rumen, reticulum, omasum, duodenum and longissimus dorsi muscle (Huang 
et al., 2006).  Numerous studies in ruminants have demonstrated that ghrelin plays an 
important role in regulation of feed intake, energy balance and growth and development 
(Hayashida et al., 2001; Huang et al., 2006; Miller et al., 2005; ThidarMyint et al., 2006; 
Wertz-Lutz et al., 2006).  The secretion of ghrelin in cattle is decreased following a meal, 
and increases after periods of fasting (Hayashida et al., 2001; Wertz-Lutz et al., 2006).  
Ghrelin concentrations are elevated in cord blood and in the newborn prior to suckling, 
leading Chanoine and co-workers (2001) to speculate on a potential role for ghrelin in the 
initiation of suckling.   
Leptin  
 The obese gene, commonly labeled ob gene, was discovered in 1949 (Ingalls et 
al., 1950).  A product of the ob gene is the ob protein called leptin (Halaas et al., 1995; 
Zhang et al., 1994).  Ob gene expression is thought to be correlated with adipose tissue 
size (Saladin et al., 1995).  Feeding patterns that affect insulin, glucose, and 
glucocorticoid levels regulate ob mRNA expression, and either insulin or glucocorticoid 
treatments will induce ob gene expression (Boden et al., 1996; De Vos et al., 1995; 
Saladin et al., 1995).  Leptin, a 16-kDa protein, is synthesized primarily by white adipose 
tissue (Maffei et al., 1995; Saladin et al., 1995); however, some synthesis of leptin also 
occurs in placenta (Hoggard et al., 1997), stomach (Bado et al., 1998), and also brown 
adipose tissue (Dessolin et al., 1998).  The major role of leptin is to regulate body fat 
stores by decreasing food intake and increasing energy expenditure; this is regulated by 
an adipostatic signal, rising with obesity and falling with starvation (Considine et al., 
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1996; Frederich et al., 1995b; Halaas et al., 1995; Harris et al., 1996; Saladin et al., 
1995).  
Ehrhardt et al. (2000) reported that plasma leptin concentrations in calves were 
positively correlated with body fatness similar to the relationships reported in rodents and 
humans.  A decrease in plasma leptin levels after birth may be a signal to initiate enteral 
feeding (Mostyn et al., 2001).  Leptin concentrations in fetal sheep are not affected by 
maternal nutrition; however, within days following birth energy availability exerts 
stimulatory effects on leptin synthesis (Ehrhardt et al., 2003).  Blum et al. (2005) 
recorded mean plasma leptin concentrations for 7 calves at birth between 4.0 to 5.0 
ng/ml.  In another study leptin concentrations in 5 calves were reported at approximately 
8 ng/ml; however, since the time when the sample was taken was recorded as day 0 the 
exact time when the sample was taken is unknown (Chavatte-Palmer et al., 2002).  
Non-Esterified Fatty Acids (NEFA) 
 Three fatty acids are bound to glycerol and stored in adipose tissue as 
triglycerides (Gordon and Cherkes, 1956).  During times of increased energy needs fatty 
acids are rapidly cleaved from the glycerol by hormone sensitive lipase and bound to 
serum albumin for transport to myocardium, skeletal muscle, and viscera for oxidative 
metabolism (Shapiro et al., 1952; Gordon and Cherkes, 1956; Reshef et al., 1958; Cohn 
et al., 1947; Davis, 1947; Dole, 1956; Gordon, 1957; Gordon and Cherkes, 1958).  The 
mobilization of non-esterified fatty acids is controlled by sympathetic nerve impulses as 
well as by hormonal factors (Wertheimer et al., 1960; Shapiro et al., 1952; Havel and 
Goldfien, 1959; Beznak and Hasch, 1938).  If adipose tissue is deprived of sympathetic 
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innervation both mobilization and deposition of fats is slowed down (Beznak and Hasch, 
1938).  
Metabolic and hormonal factors that promote the release of non-esterified fatty 
acids from adipose tissue are epinephrine (Gordon and Cherkes, 1956; Gordon and 
Cherkes, 1958; Wertheimer et al., 1960), cortisone (Reshef and Shapiro, 1960), and 
growth hormone in some species (human and dogs) (Raben and Hollenberg, 1959).  
Metabolic and hormonal factors that promote the uptake of non-esterified fatty acids to 
adipose tissue are carbohydrate feeding (Gordon and Cherkes, 1956; Gordon and 
Cherkes, 1958), glucose (Gordon, 1957; Gordon and Cherkes, 1958; Dole, 1956), insulin 
(Gordon, 1957; Wertheimer et al., 1960; Dole, 1956), and amino acids (Gordon, 1957; 
Hashim and Vanitallie, 1959).  Uptake and release of non-esterified fatty acids are 
important to regulate “caloric homeostasis” (Gordon, 1957).  In calves, oxidation of non-
esterified fatty acids from brown adipose tissue is important for thermoregulation (Girard 
et al., 1992) 
In ruminants, non-esterified fatty acids are regulated by the same mechanism as 
non-ruminants (Dole, 1956; Patterson, 1963).  In cattle, concentrations of non-esterified 
fatty acids in blood are highly correlated with digestible energy intake (Holmes and 
Lambourn, 1970).  Normal levels of non-esterified fatty acids in the cow and sheep are 
100-500 mEq/l (Patterson, 1963).  Very little research has been done on non-esterified 
fatty acids of calves at birth.  Tyler (1991) found non-esterified fatty acids levels in the 
late-gestation cow and newborn calf were 1267 mEq/L and 1077 mEq/L respectively.    
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Glucose  
Glucose is the primary source of energy for metabolic processes derived from the 
breakdown of carbohydrates by the digestive system in mammals.  Glucose is oxidized 
though glycolysis into two pyruvate molecules which enter the Krebs cycle to be 
converted to energy in the form of ATP.  When blood glucose concentrations are high, 
glucose is stored in the liver as glycogen by glycogenesis.  Once glycogen reserves are 
full, glucose-6-phosphate, through a series of conversions, enters fatty acid synthesis as 
acetyl CoA and is converted to fatty acids to be stored in adipose tissue as triglycerides.  
When blood glucose concentrations are low, triacylglycerol is hydrolyzed via hormone 
sensitive lipase and broken down to three fatty acids and glycerol.  Non-esterified fatty 
acids are broken down through beta oxidation to acetyl CoA and enter the Krebs cycle for 
conversion to ATP.  Glucose is also formed from glycerol though gluconeogenesis (Fig 
1).  
 In the sheep fetus, gluconeogenesis from pyruvate and amino acids was very low 
and gluconeogenesis could not be detected at any developmental stage from lactate 
(Townsend et al., 1989; Warnes et al., 1977a; Warnes et al., 1977b).  The enzymes 
phosphoenolypyruvate carboxykinase, hexose bisphosphatase, and glucose-6-
phosphatase were present in the fetus in low concentrations; however, they showed a 1.5- 
to 2- fold increase within 2 minutes after birth (Warnes et al., 1977a; Dawkins, 1961).  
Large amounts of glycogen accumulate in the liver and in the skeletal muscle late in 
gestation (Shelley, 1961; Shelley, 1960; Liggins, 1994).  Glycogen stores in the fetal liver 
have vital importance in meeting the increase in newborn metabolic requirements to 
sustain life.  Newborn survival depends on the availability of stored energy substrates to  
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Figure 1.  Metabolic Pathways 
(http://www.personal.kent.edu/~cearley/PChem/glycol/carbomet.gif) 
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maintain vital organs, growth and thermoregulation prior to the ingestion of milk (Apatu 
and Barnes, 1991; Dawkins, 1963; Shelley, 1960; Shelley, 1961).   
Factors that initiate glycogenolysis and gluconeogenesis at birth are not 
completely known.  Hammon (2003) found that high concentrations of glucocorticoids 
after birth influenced the increase in metabolic enzymes and believed the increase in 
metabolic enzymes resulted in an increase in metabolic activities.  Girard et al. (1992) 
hypothesized that glycogenolysis could be initiated by the increase in glucagon and 
catecholamines and the decrease in plasma insulin or through the establishment of 
pulmonary ventilation.  Edwards and Silver (1970) discovered that stimulation of the 
splanchnic nerves in adrenalectomized calves caused hyperglycemia due to the rapid 
mobilization of liver glycogen.  Similarly, the stress of birth activates the sympathetic 
nervous system, therefore increasing mobilization of liver glycogen.  Liggins (1994) 
found cortisol concentrations increased in the calf fetus and remained elevated after birth; 
however, cortisol decreases rapidly after birth (Kurz and Willett, 1991).   
 In newborn sheep, the high liver glycogen stores are metabolized via 
glycogenolysis.  Glycogen reserves are depleted within 2-3 hours and levels remain low 
for several days, even when the newborn has suckled, before gradually rising towards the 
adult levels (Shelley, 1961; Shelley, 1960; Apatu and Barnes, 1991).   
 Endocrine and metabolic factors that control glucose metabolism in the adult 
animal exist in the newborn calf; however, some have decreased affect.  Hypoglycemia 
was difficult to detect in calves less than 4 days of age (Comline and Edwards, 1968).  In 
the newborn calf, insulin had no effect on gluconeogenesis from glycerol, but decreased 
gluconeogenesis from propionate (Donkin and Armentano, 1994).  Shulman et al. (1991) 
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found hyperglycemia in conjunction with hyperinsulinemia markedly increases 
glycogenesis and is the primary factor in hepatic glycogen synthesis augmentations.  
Glucagon increases gluconeogenesis from propionate and lactate but not from glycerol 
(Donkin and Armentano, 1994).  Lastly, adrenaline has little effect on glucose in the fetus 
and newborn but the affect appears to be fully developed by 24 hours after birth.  At 24 
hours after birth, an injection of adrenaline terminated hypoglycemic convulsions within 
3-5 minutes by stimulating an increase in blood glucose (Dawkins, 1964; Comline and 
Edwards, 1968).   
 Normal plasma glucose levels in calves at birth (within 2-5 min) are low ranging 
from 10 – 76.5 mg/dl.  Glucose concentrations increased significantly within 30-60 
minutes to 55 – 85 mg/dl (Daniels et al., 1974; Apatu and Barnes, 1991; Massip, 1980; 
Comline and Edwards, 1968; Tyler, 1991; Kurz and Willett, 1991).  Strawn (1995) 
confirmed these results and also observed that glucose concentrations were lower in 
normal calves than in stressed calves. 
Factors That Initiate Suckling in Newborns 
Initiation of Suckling 
In normal, non-restricted fed rat pups, suckling normally declines after 10 days 
and is completely diminished after 30 days.  Pups 10-30 days old will only attach and 
suckle when deprived of food, water, and suckling for 20-22 hours. Williams et al. (1979) 
showed that serotonin receptors were involved in the drive to suckle, although traditional 
hunger mechanisms may not be involved.   
Cholecystokinin (CCK), a gut hormone, is a well-established inhibitor of adult rat 
feeding.  Blass et al. (1979) investigated the influence of this hormone on suckling in rat 
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pups.  Treatment of pups with CCK did not reduce the volume of milk intake in 5- and 
10-day-old pups; however, it did reduce milk intake in 15- and 20-day-old restricted fed 
pups.  
N-Methyl-D-Aspartate (NMDA) receptor functions in neural signaling in the 
brain by voltage- and ligand-gated channels that are highly permeable to calcium (Ascher 
and Nowak, 1986; Macdermott et al., 1986).  N-methyl-d-aspartate is an agonist for 
glutamate; therefore, glutamate is normally the primary ligand that binds to NMDA 
receptors, contributing to control of neuroendocrine function (Vandenpol et al., 1990).  
There are four major glutamate receptor є (GluRє) subunits that determine NMDA 
receptor channel diversity and functional properties (Ikeda et al., 1992; Monyer et al., 
1994).  Kutsuwada et al. (1996) investigated the physiological significance of the NMDA 
receptor channel diversity by interrupting the GluRє2 locus in mice.  Homozygous rat 
pups in this study were missing the GluRє2 subunit mRNA.  The homozygous rat pups 
had no suckling drive and no milk in their stomachs 6-7 hours after birth and could not 
survive for more than 1 day.  If mice were fed every 2-3 hours by inserting milk through 
a tube into the stomach the pups could survive; however, suckling response never 
returned.  Therefore, they concluded that by deleting the GluRє2 subunit of the NMDA 
receptor suckling response no longer existed in mice (Kutsuwada et al., 1996).   
Breed Differences in Dairy Cattle 
Erf et al. (1990) conducted a study to determine the rates of calf mortality and the 
genetic and environmental factors influencing calf mortality for US Brown Swiss cattle.  
The findings, based on 8047 calving records from the Brown Swiss Cattle Breeders 
Association (BSCBA) from 1980 to 1987, were that mortality was greater in male calves 
11 
 
than female calves and in calves born from primiparous heifers than those born from 
multiparous cows.  They also compared these results with a study conducted on 136,775 
Holstein records from the National Association of Animal Breeders from 1975 to 1980 
on calf livability in Holsteins by Martinez et al. (1983).  Due to the similarity in mortality 
and heritabilities determined in each study, they concluded that Brown Swiss should be 
regarded as similar to Holsteins for calf mortality (Erf et al., 1990).  
However, even though calf mortality was regarded as similar between the two 
breeds in the late 1980s, more recent studies have reported that suckling aggressiveness is 
weaker in Brown Swiss than other breeds (Santus, 2003; Zemp, 2003).  A study by 
Maltecca et al. (2007) on 855 calves, from110 herds from 1998 to 2003 investigated the 
possibility of genetic improvement of suckling aggressiveness.  In a preliminary reporting 
of these results by Rossoni et al. (2005), they reported that suckling aggressiveness 
increased as more meals were consumed and Brown Swiss calves suckled more 
aggressively in warmer seasons.  Maltecca et al. (2007) concluded that suckling 
aggressiveness for the first and second meal after birth had moderate heritability (0.26 
and 0.23) and could be a trait used in a selection scheme.   
 In conclusion, very little research has been conducted on metabolic and endocrine 
factors in neonatal calves.  There has been even less research conducted on factors that 
initiate suckling and increase suckling aggressiveness in neonatal non-ruminants and/or 
ruminants.  Understanding these mechanisms could prove to be beneficial for producers 
in getting calves to voluntarily consume the suggested amount of colostrum within the 
first 6 hours of life, potentially decreasing calf mortality and increasing profits.  
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CHAPTER TWO 
RELATIONSHIP BETWEEN SELECTED ENDOCRINE AND METABOLIC 
FACTORS AND SUCKLING AGGRESSIVENESS IN NEWBORN BROWN 
SWISS AND HOLSTEIN CALVES  
 
M.A. Den Beste, J. Bentley and H.D Tyler  
Introduction 
 Dairy heifer mortality is highest during the pre-weaning period, with 7.8% of 
heifer calves dying between 48 hours and 8 weeks of age (USDA, 2008).  The most 
important factor affecting early calf survivability was first colostrum feeding method, 
timing and volume (Wells et al., 1996b).  Up to 31% of dairy heifer mortality could be 
prevented by ensuring that calves receive adequate amounts of colostrum within 6 hours 
of life (Wells et al., 1996b).  Many calves will not voluntarily consume adequate amounts 
of colostrum during that crucial time.  A possible explanation for low intake of colostrum 
may be a lack of suckling aggressiveness in newborn calves.  There is little information 
on initiation or control of suckling in newborn calves.  
Colostrum ingestion is vitally important to calf survivability.  Therefore, it is 
critical to understand the physiological factors initiating suckling and suckling 
aggressiveness in calves.  The objectives of this study were to observe 1) differences 
among concentrations of selected endocrine and metabolic factors between calves having 
different suckling aggressiveness scores and 2) differences in suckling aggressiveness 
between newborn Brown Swiss and Holstein dairy calves.  
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Materials and Methods 
Animal Management 
 All procedures involving animals were approved by Iowa State University 
Institutional Animal Care and Use Committee.  A total of thirty calves from two breeds 
(15 Holstein and 15 Brown Swiss) of dairy cattle were obtained at birth from the 
Northeast Iowa Community College dairy farm located in Calmar, Iowa.  All cows were 
placed in a maternity barn approximately 0 – 4 d prior to calving and monitored during 
delivery.  
 Blood samples were collected from calves via jugular venipuncture into 10 mL 
evacuated blood collection tubes containing no anticoagulant (VACUTAINER®, Becton 
Dickinson, Franklin Lakes, NJ) at birth (mean sampling time was 25.00 ± 15.77 minutes 
after umbilical cord rupture), pre-suckling (mean sampling time was 79.00 ± 61.79 
minutes after umbilical cord rupture), 5 minutes into suckling (mean sampling time was 
9.00 ± 6.22 minutes after the initiation of suckling) and 10 minutes into suckling (mean 
sampling time was 15.00 ± 7.88 minutes after the initiation of suckling).  All blood 
samples were allowed to clot for 20 minutes.  Tubes were then centrifuged for 20 minutes 
at 3000 x g; serum was decanted into individually labeled 12- x 75-mm polypropylene 
tubes, and stored at -20 degrees C until later analysis for leptin, ghrelin, glucose and non-
esterified fatty acids (NEFA).  Calves were fed 2 quarts of maternal colostrums and 
suckling aggressiveness was assessed on a scale from 1 to 3 based on the following 
criteria: 
 1:  Failure to suckle: calf consumed less than ½ quart of maternal colostrum 
within 5 minutes 
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 2:  Moderate suckling:  calf consumed ½ to 1½ quarts of maternal colostrum 
within 5 minutes 
 3:  Suckled aggressively: calf consumed 1½ - 2 quarts of maternal colostrum 
within 5 minutes 
Colostrum not voluntarily consumed  within 5 minutes was fed via esophageal intubation. 
Blood Metabolite and Hormone Analysis 
Glucose 
Serum glucose concentrations were analyzed using spectrophotometric techniques 
using a commercial kit (GLU Gluco-quant Glucose/HK, Roche Diagnostics Corporation, 
Indianapolis, IN).  In brief, glucose-6-phosphate dehydrogenase oxidizes glucose-6-
phosphate in the presence of NADP to gluconate-6-phosphate.  No other carbohydrate is 
oxidized; therefore, the rate of NADPH formation during the reaction is directly 
proportional to the glucose concentration and is measured by optical density.   
Serum glucose concentrations were also analyzed in triplicate by 
spectrophotometric techniques using a commercial kit (Glucose-C2, Wako Diagnostics, 
Richmond, VA).  For this procedure, beta-glucose oxidase promotes the oxidation of 
glucose by molecular oxygen to gluconic acid while simultaneously producing hydrogen 
peroxide.  Hydrogen peroxide is determined by the peroxidase oxidative coupling of 
N,N-diethylaniline with 4-amino-antipyrine and the residue is measured by optical 
density.  Intra-assay CV for this assay was 5.06% 
Non-Esterified Fatty Acids (NEFA) 
Serum NEFA concentrations were analyzed in triplicate by enzymatic techniques 
(NEFA-HR (2), Wako Diagnostics, Richmond, VA).  Serum NEFA treated with acyl-
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CoA synthetase yields adenosine monophosphate and pyro-phosphate.  The addition of 
acyl-CoA oxidase to oxidize acyl-CoA yields hydrogen peroxide.  Hydrogen peroxide is 
determined by the peroxidase oxidative coupling of 3-methyl-N-ethyl-N-aniline with 4-
amino-antipyrine and the residue is measured by optical density.  Intra-assay CV for this 
assay was 5.30 %. 
Leptin 
Serum leptin was determined using a commercial radioimmunoassay kit (Multi-
Species Leptin RIA Kit, Linco Research, St. Charles, MO).  A fixed concentration of 
labeled tracer antigen is incubated with a constant dilution of antiserum such that the 
concentration of antigen binding sites on the antibody is limited.  After unlabeled antigen 
is added to this system, there is competition between labeled tracer and unlabeled antigen 
for the limited and constant number of binding sites on the antibody.  Thus, the amount of 
tracer bound to antibody will decrease as the concentration of unlabeled antigen 
increases.  This is measured after separating antibody-bound from free tracer and 
counting one or the other, or both fractions.  Intra-assay CV for this assay was 1.70 %. 
Ghrelin 
 
Serum ghrelin was determined using a commercial radioimmunoassay kit 
(Ghrelin Total RIA Kit, Linco Research, St. Charles, MO).  For this assay, a fixed 
concentration of labeled tracer antigen is incubated with a constant dilution of antiserum 
such that the concentration of antigen binding sites on the antibody is limited.  When 
unlabeled antigen is added to this system, there is competition between labeled tracer and 
unlabeled antigen for the limited and constant number of binding sites on the antibody.  
Thus, the amount of tracer bound to antibody will decrease as the concentration of 
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unlabeled antigen increases.  This is measured after separating antibody-bound from free 
tracer and counting one or the other, or both fractions.  Intra-assay CV for this assay was 
3.45%. 
Statistical Analysis 
Glucose, non-esterified fatty acids, leptin, and ghrelin were analyzed using the 
General Linear Model and MIXED procedures of SAS® (SAS Institute, 2001) according 
to the following model: 
Yij = µ + Bi + Sj + BSij + eij 
Where: 
Y = the dependent variable, 
µ = the overall mean, 
Bi = the fixed effect of breed i (i = BS, H), 
Sj = the random effect of the jth suckling aggressiveness score level (j = 1, 2, 3), 
BSij = the fixed effect of the interaction between the ith breed level and the jth suckling  
aggressiveness level, 
eij = the residual error. 
The FREQ procedure with the CHISQ option of SAS 9.1® (SAS Institute, 2001) 
was used to determine the frequency of suckling aggressiveness scores within each breed. 
Differences between means were determined by the method of least squares 
means.  Data reported in tables are least squares means.  Data reported in graphs are 
arithmetric means.  Contrasts were performed to compare different combinations of 
suckling aggressiveness scores (1 vs 2 vs 3, 1+2 vs 3, 1 vs 2+3).  Significance was 
declared at P < 0.05.  Trends were declared between P > 0.05 and P < 0.10. 
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Results 
Breed Differences 
The frequency distribution of suckling aggressiveness scores in Brown Swiss 
calves were not significantly different (P = 0.1653) than suckling aggressiveness scores 
in Holstein calves (Table 1). 
At Birth 
Glucose 
Mean glucose concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at birth (Table 2). 
Non-Esterified Fatty Acids (NEFA) 
Mean NEFA concentrations were not different between breeds at birth (Table 2).  
However, mean NEFA concentrations at birth were higher (P = 0.0222) in calves with an 
increasing subsequent suckling aggressiveness score (1 vs. 2 vs. 3) (Figure 2).  There 
tended (P = 0.0514) to be an interaction between breed and suckling aggressiveness 
scores (1 vs. 2 vs. 3).  Mean NEFA concentrations at birth tended to be higher in Brown 
Swiss calves than in Holstein calves and mean NEFA concentrations increased with 
subsequent suckling aggressiveness scores among both breeds (Figure 3).  When suckling 
aggressiveness scores were grouped 1 and 2 vs. 3 mean NEFA concentrations were lower 
(P = 0.0187) in calves that subsequently suckled weakly (SAS 1 and 2) than in calves that 
subsequently suckled more aggressively (SAS 3) (Figure 4).  There was a breed-suckling 
interaction when calves with subsequent suckling aggressiveness scores were grouped 1 
and 2 vs. 3.  Mean NEFA concentrations were lower (P = 0.0229) in Brown Swiss calves 
that subsequently suckled weakly (SAS 1 and 2) than in Brown Swiss calves that 
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Table 1.  The frequency distribution of suckling aggressiveness scores in Brown Swiss 
calves were not significantly different (P = 0.1653) than suckling aggressiveness scores 
in Holstein calves.  
 
  SAS 1 SAS 2 SAS 3 
Brown Swiss 
13.33% 
n=4 
3.33% 
n=1 
33.33% 
n=10 
Holstein 
3.33% 
n=1 
13.33% 
n=4 
33.33% 
n=10 
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Table 2.  Least square means for serum glucose, NEFA, leptin and ghrelin concentrations of calves at birth by breed and 
subsequent suckling aggressiveness scores. 
 
  
Breed (B) Suckling Aggressiveness  Scores (SAS) Contrasts 
BS H 1 1+2 2 2+3 3 B 1 v 2 v 3  (1+2) v 3  1 v (2+3) B*SAS 
Glucose 
(mg/dl) 
57.35 ± 
15.48 
51.72 ± 
15.54 
58.63 ± 
22.35 
54.40 ± 
12.18 
45.75 ± 
22.35 
55.93 ± 
7.969 
59.23 ± 
9.18 NS NS NS NS NS 
NEFA 
(mEq/l) 
57.43 ± 
16.53 
51.25 ± 
16.04 
21.88 ± 
23.82 
48.62 ± 
14.02 
49.17 ± 
23.06 
89.98 ± 
9.558 
91.97 ± 
9.724 NS P < 0.05 P < 0.05 P < 0.05 P < 0.10 
Leptin 
(ng/ml HE) 
1.251 ± 
0.068 
1.237 ± 
0.083 
1.259 ± 
0.123 
1.196 ± 
0.048 Non-est 
1.223 ± 
0.046 
1.196 ± 
0.049 NS NS NS NS NS 
Ghrelin 
(pg/ml) 
751.5 ± 
363.8 
252.9 ± 
434.4 
251.3 ± 
644.9 
287.2 ± 
398.5 Non-est 
738.3 ± 
236.6 
740.4 ± 
263.3 NS NS NS NS NS 
BS – Brown Swiss  
H – Holstein 
1 – Failure to suckle 
2 – Suckled moderately 
3 – Suckled aggressively 
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Figure 2.  Mean NEFA concentrations at birth were higher (P = 0.0222) in calves with 
increasing subsequent suckling aggressiveness scores (SAS).  
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Figure 3.  Breed-suckling aggressiveness interaction for NEFA concentrations at birth. 
Mean NEFA concentrations tended (P = 0.0514) to be higher in Brown Swiss calves than 
in Holstein calves and NEFA concentrations increased as calves subsequently suckled 
more aggressively in both breeds. 
 
 
29 
 
Figure 4.  Mean NEFA concentrations at birth were lower (P = 0.0187) in calves that 
subsequently suckled weakly (SAS 1 and 2) than  in calves that subsequently suckled 
more aggressively (SAS 3). 
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 subsequently suckled more aggressively (SAS 3) and Holstein calves were not 
significantly different by subsequent suckling aggressiveness scores (Figure 5).  Mean 
NEFA concentrations were lower (P = 0.0229) in calves that subsequently suckled 
weakly (SAS 1) than in calves that subsequently suckled more aggressively (SAS 2 and 
3) (Figure 6).  
Leptin 
Mean leptin concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at birth (Table 2).  
Ghrelin 
Mean ghrelin concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at birth (Table 2).  
1 Hour After Birth (Pre-suckling) 
Glucose 
Mean glucose concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at 1 hour after birth (pre-suckling) (Table 
3). 
Non-Esterified Fatty Acids (NEFA) 
Mean NEFA concentrations were not different between breeds (Table 3).  Mean 
NEFA concentrations at 1 hour after birth (pre-suckling) tended to (P = 0.0780) increase 
with increasing subsequent suckling aggressiveness score (1 vs 2 vs 3) (Figure 7).  When 
suckling aggressiveness scores were grouped 1 and 2 vs. 3 mean NEFA concentrations at 
1 hour after birth (pre-suckling) tended to be  (P = 0.0785) lower in calves that 
subsequently suckled weakly (SAS 1 and 2) than in calves that subsequently suckled  
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Figure 5.  Mean NEFA concentrations were lower (P = 0.0069) in Brown Swiss calves 
that subsequently suckled weakly (SAS 1 and 2) than calves that subsquently suckled 
aggressively while NEFA concentrations were not different in Holstein calves that 
suckled weakly (SAS 1 and 2) and calves that suckled more aggressively (SAS 3). 
 
 
 
 
32 
 
Figure 6.  Mean NEFA concentrations at birth were lower (P = 0.0229) in calves that 
subsequently suckled weakly (SAS 1) than in calves that subsequently suckled more 
aggressively (SAS 2 and 3).  
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Table 3.  Least square means for serum glucose, NEFA, leptin and ghrelin concentrations of calves at 1 hour after birth (pre-
suckling) by breed and subsequent suckling aggressiveness scores. 
 
  
Breed (B) Suckling Aggressiveness  Scores (SAS) Contrasts 
BS H 1 1+2 2 2+3 3 B 1 v 2 v 3  (1+2) v 3  1 v (2+3) B*SAS 
Glucose 
(mg/dl) 
70.63 ± 
15.21 
44.85 ± 
15.28 
60.50 ± 
21.96 
59.30 ± 
11.93 
62.00 ± 
21.96 
51.37 ± 
7.789 
50.73 ± 
9.024 NS NS NS NS NS 
NEFA 
(mEq/l) 
74.97 ± 
18.48 
56.59 ± 
1.926 
27.75 ± 
26.74 
60.69 ± 
15.64 
74.06 ± 
25.89 
95.09 ± 
9.413 
95.53 ± 
10.64 NS P < 0.10 P < 0.10 P < 0.10 P < 0.10 
Leptin 
(ng/ml HE) 
1.291 ± 
0.1882 
1.271 ± 
0.183 
1.188 ± 
0.2723 
1.272 ± 
0.152 
1.333 ± 
0.264 
1.313 ± 
0.093 
1.323 ± 
0.108 NS NS NS NS NS 
Ghrelin 
(pg/ml) 
255.7 ± 
341.4 
785.0 ± 
336.5 
232.1 ± 
493.9 
833.8 ± 
290.4 
963.5 ± 
478.2 
603.8 ± 
199.7 
365.4 ± 
210.8 P < 0.10 NS NS NS NS 
BS – Brown Swiss  
H – Holstein 
1 – Failure to suckle 
2 – Suckled moderately 
3 – Suckled aggressively 
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Figure 7.  Mean NEFA concentrations at 1 hour after birth (pre-suckling) tended (P = 0.0780) 
to increase with increasing subsequent suckling aggressiveness score (SAS).  
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more aggressively (SAS 3) (Figure 8).  When suckling aggressiveness scores were 
grouped 1 vs. 2 and 3 NEFA concentrations at 1 hour (pre-suckling) were lower (P = 
0.0249) in calves that subsequently suckled weakly (SAS 1) than in calves that 
subsequently suckled more aggressively (SAS 2 and 3) (Figure 9).  There was a breed-
suckling interaction at 1 hour after birth (pre-suckling) when calves with subsequent 
suckling aggressiveness scores were grouped 1 and 2 vs. 3.  Mean NEFA concentrations 
at 1 hour after birth tended (P = 0.0919) to be lower in Brown Swiss calves that 
subsequently suckled weakly (SAS 1 and 2) than in Brown Swiss calves that 
subsequently suckled more aggressively (SAS 3) and Holstein calves were not 
significantly different by subsequent suckling aggressiveness scores (Figure 10).  
Leptin 
Mean leptin concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at 1 hour after birth (pre-suckling) (Table 
3). 
Ghrelin 
Mean ghrelin concentrations were not different between calves with different 
suckling aggressiveness scores at 1 hour after birth (pre-suckling) (Table 3).  Mean 
ghrelin concentrations at 1 hour after birth (pre-suckling) tended (P = 0.0936) to be lower 
in Brown Swiss calves than in Holstein calves (Figure 11).  
5 Minutes into Suckling 
Glucose 
Mean glucose concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at 5 minutes into suckling (Table 4). 
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Figure 8.  Mean NEFA concentrations at 1 hour after birth (pre-suckling) tended (P = 
0.0785) to be lower in calves that subsequently suckled weakly (SAS 1 and 2) than in 
calves that subsequently suckled more aggressively (SAS 3). 
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Figure 9.  Mean NEFA concentrations at 1 hour after birth (pre-suckling) were lower (P = 
0.0249) in calves that subsequently suckled weakly (SAS 1) than in calves that 
subsequently suckled more aggressively (SAS 2 and 3). 
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Figure 10.  Mean NEFA concentrations at 1 hour after birth (pre-suckling) tended (P = 
0.0919) to be lower in Brown Swiss calves that subsequently suckled weakly (SAS 1 and 
2) than in Brown Swiss calves that subsequently suckled more aggressively (SAS 3) and 
Holstein calves were not significantly different by subsequent suckling aggressiveness 
scores. 
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Figure 11.  Mean ghrelin concentrations at 1 hour after birth (pre-suckling) tended (P = 
0.0936) to be lower in Brown Swiss calves than in Holstein calves.  
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Table 4.  Least square means for serum glucose, NEFA, leptin and ghrelin concentrations of calves 5 minutes into suckling by 
breed and subsequent suckling aggressiveness scores. 
 
  
Breed (B) Suckling Aggressiveness  Scores (SAS) Contrasts 
BS H 1 1+2 2 2+3 3 B 1 v 2 v 3  (1+2) v 3  1 v (2+3) B*SAS 
Glucose 
(mg/dl) 
69.73 ± 
13.63 
45.89 ± 
13.69 
58.75 ± 
19.67 
63.00 ± 
10.69 
62.00 ± 
19.67 
54.22 ± 
6.944 
52.68 ± 
8.084 NS NS NS NS NS 
NEFA 
(mEq/l) 
95.37 ± 
20.67 
49.33 ± 
20.14 
35.35 ± 
29.91 
65.99 ± 
17.24 
86.21 ± 
28.96 
94.40 ± 
10.18 
95.49 ± 
11.90 NS NS NS P < 0.10 NS 
Leptin 
(ng/ml HE) 
1.277 ± 
0.085 
1.197 ± 
0.082 
1.238 ± 
0.122 
1.273 ± 
0.069 
1.247 ± 
0.119 
1.230 ± 
0.042 
1.225 ± 
0.049 NS NS NS NS NS 
Ghrelin 
(pg/ml) 
295.9 ± 
136.6 
425.1 ± 
136.6 
255.3 ± 
196.9 
352.1 ± 
116.2 
383.6 ± 
196.9 
427.7 ± 
70.09 
442.6 ± 
80.37 NS NS NS NS NS 
   BS – Brown Swiss  
H – Holstein 
1 – Failure to suckle 
2 – Suckled moderately 
3 – Suckled aggressively 
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Non-Esterified Fatty Acids (NEFA) 
Mean NEFA concentrations 5 minutes into suckling were not different between 
breeds (Table 4).  However, mean NEFA concentrations 5 minutes into suckling tended 
(P = 0.0643) to be lower in calves that suckled weakly (SAS 1) than calves that suckled 
more aggressively (SAS 2 and 3) (Figure 12).  
Leptin 
Mean leptin concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at 5 minutes into suckling (Table 4). 
Ghrelin 
Mean ghrelin concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at 5 minutes into suckling (Table 4). 
10 Minutes into Suckling 
Glucose 
Mean glucose concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at 10 minutes into suckling (Table 5). 
Non-Esterified Fatty Acids (NEFA) 
Mean NEFA concentrations 10 minutes into suckling were not different between 
breeds (Table 5).  However, mean NEFA concentrations 10 minutes into suckling were 
lower (P = 0.0268) in calves that suckled weakly (SAS 1) than calves that suckled more 
aggressively (SAS 2 and 3) (Figure 13).  
Leptin 
Mean leptin concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at 10 minutes into suckling (Table 5). 
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Figure 12.  Mean NEFA concentrations 5 minutes into suckling tended (P = 0.0643) to be 
lower in calves that suckled weakly (SAS 1) than calves that suckled more aggressively 
(SAS 2 and 3).  
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Table 5.  Least square means for serum glucose, NEFA, leptin and ghrelin concentrations of calves 10 minutes into suckling by 
breed and subsequent suckling aggressiveness scores. 
 
  
Breed (B) Suckling Aggressiveness  Scores (SAS) Contrasts 
BS H 1 1+2 2 2+3 3 B 1 v 2 v 3  (1+2) v 3  1 v (2+3) B*SAS 
Glucose 
(mg/dl) 
59.45 ± 
15.39 
57.16 ± 
15.45 
56.88 ± 
22.21 
60.10 ± 
12.10 
68.13 ± 
22.21 
53.20 ± 
7.917 
49.91 ± 
9.127 NS NS NS NS NS 
NEFA 
(mEq/l) 
96.78 ± 
20.23 
57.25 ± 
19.71 
30.12 ± 
29.27 
67.65 ± 
17.38 
101.6 ± 
28.34 
100.4 ± 
9.958 
99.33 ± 
11.65 NS NS NS P < 0.05 NS 
Leptin 
(ng/ml HE) 
1.296 ± 
0.208 
1.134 ± 
0.202 
1.187 ± 
0.300 
1.217 ± 
0.168 
1.162 ± 
0.291 
1.280 ± 
0.102 
1.295 ± 
0.120 NS NS NS NS NS 
Ghrelin 
(pg/ml) 
1017 ± 
656.8 
449.1 ± 
643.3 
953.0 ± 
950.2 
957.6 ± 
534.3 
498.7 ± 
920.0 
754.4 ± 
330.1 
748.0 ± 
390.3 NS NS NS NS NS 
BS – Brown Swiss  
H – Holstein 
1 – Failure to suckle 
2 – Suckled moderately 
3 – Suckled aggressively 
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Figure 13.  Mean NEFA concentrations 10 minutes into suckling were lower (P = 0.0268) 
in calves that suckled weakly (SAS 1) than calves that suckled more aggressively (SAS 2 
and 3).  
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Ghrelin 
Mean ghrelin concentrations were not different between breeds or between calves 
with different suckling aggressiveness scores at 10 minutes into suckling (Table 5). 
Changes in Measured Parameters Over Time 
Glucose 
Mean glucose concentrations were not different over time between breeds or 
between calves with different suckling aggressiveness score.  
Non-Esterified Fatty Acids (NEFA) 
Mean NEFA concentrations increased (P = 0.0278) over time in Brown Swiss 
calves but did not change in Holstein calves (Figure 14).  Mean NEFA concentrations 
increased over time for calves that suckled with weakly (P < 0.0001) while remaining 
unchanged in calves that suckled moderately aggressive and those that suckled 
aggressively (Figure 15).  Mean NEFA concentrations increased (P < 0.0001) over time 
in Brown Swiss calves that suckled weakly (SAS 1 and 2) while calves that suckled more 
aggressively (SAS 3) and all Holstein calves remained unchanged (Figure 16).   Mean 
NEFA concentrations increased (P < 0.0001) over time in calves that suckled weakly 
(SAS 1) while calves that suckled more aggressively (SAS 2 and 3) remained unchanged 
(Figure 17).  Mean NEFA concentrations increased (P < 0.0001) over time in Brown 
Swiss calves that suckled weakly (SAS 1) while calves that suckled more aggressively 
(SAS 2 and 3) and all Holstein calves remained unchanged (Figure 18). 
Leptin 
Mean leptin concentrations were not different over time between breeds or 
between calves with different suckling aggressiveness scores. 
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Figure 14.  Mean NEFA concentrations increased (P = 0.0278) over time in Brown Swiss 
calves but did not change in the Holstein calves. 
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Figure 15.  Mean NEFA concentrations increased over time for calves that suckled 
weakly (P < 0.0001) while remaining unchanged in calves that suckled moderately 
aggressive and those that suckled aggressively.  
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Figure 16.  Mean NEFA concentrations increased (P < 0.0001) over time in Brown Swiss 
calves that suckled weakly (SAS 1 and 2) while calves that suckled more aggressively 
(SAS 3) and all Holstein calves remained unchanged. 
 
 
 
 
 
 
 
 
 
 
 
49 
 
Figure 17.  Mean NEFA concentrations increased (P < 0.0001) over time in calves that 
suckled weakly (SAS 1) while calves that suckled more aggressively (SAS 2 and 3) 
remained unchanged. 
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Figure 18.  Mean NEFA concentrations increased (P < 0.0001) over time in Brown Swiss 
calves that suckled weakly (SAS 1) while calves that suckled more aggressively (SAS 2 
and 3) and all Holstein calves remained unchanged. 
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Ghrelin 
Mean ghrelin concentrations were not different over time between breeds or 
between calves with different suckling aggressiveness scores. 
Discussion 
 Previous reports have been documented that Brown Swiss calves suckled weakly 
compared with Holstein calves (Rossoni et al., 2005; Santus, 2003; Zemp, 2003); 
however, in the present study breed differences were not apparent.  Overall, one-third of 
calves suckled poorly (SAS 1 and 2), confirming that sucking aggressiveness might be a 
reason why producers have problems getting calves to ingest the recommend amounts of 
colostrum within the first 6 hours.   
 This study showed no differences between suckling aggressiveness and glucose, 
leptin, or ghrelin, suggesting that these constituents have no effect on suckling 
aggressiveness.  However, calves that subsequently suckled weakly did have lower 
NEFA concentrations at birth and immediately prior to suckling than those that suckled 
more aggressively.  There also tended to be low NEFA concentrations at birth and 
immediately prior to suckling in Brown Swiss calves that subsequently suckled weakly.  
Typically NEFA concentrations are high during fasting signaling the mobilization of fatty 
acids to meet the energy needs of the animal until the next meal.  These data agree with 
this relationship.  The relationship between NEFAs and suckling aggressiveness needs to 
be further researched.  
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CHAPTER THREE 
EFFECTS OF GLUCOSE ON SUCKLING AGGRESSIVENESS IN NEWBORN 
BROWN SWISS AND HOLSTEIN CALVES 
 
M.A. Den Beste and H.D Tyler 
Introduction 
 Based on preliminary findings from a study on factors affecting suckling 
aggressiveness (Den Beste et. al, unpublished data – see appendix B), glucose appeared 
to have a significant effect on calf’s ability to suckle aggressively.  Calves that suckled 
aggressively had lower levels of glucose than calves that suckled weakly.   
 In another study by Kutsuwada et al. (1996), it was discovered that deleting the 
GluRє2 subunit of the NMDA receptor eliminated suckling response in mice.  Since 
glutamate is the primary ligand that binds to NMDA receptors (Vandenpol et al., 1990), 
glutamate potentially contributes to a role in the control of suckling response.  Therefore, 
the primary objective of this study was to alter glucose levels by administering oral 
glucose or injection of insulin and observe suckling aggressiveness in newborn calves 
and a secondary objective was to determine if glutamate concentrations differed between 
calves that suckled aggressively and those that suckled weakly.  
Materials and Methods 
Animal Management 
 All procedures involving animals were approved by Iowa State University 
Institutional Animal Care and Use Committee.  A total of nineteen calves (twelve heifers 
and seven bulls) from two breeds of dairy cattle (10 Holstein and 9 Brown Swiss), were 
collected at birth from the Iowa State University dairy farm located in Ames, Iowa.  All 
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Brown Swiss calves originated from frozen embryos that were transferred into Holstein 
heifers.  All cows were placed in a maternity barn approximately 0 – 4 d prior to calving, 
monitored during delivery and calving ease scores were recorded.  Calves were separated 
from their dams prior to suckling. 
 Initial blood samples were collected from calves via jugular venipuncture into 10 
mL evacuated blood collection tubes containing no anticoagulant (VACUTAINER®, 
Becton Dickinson, Franklin Lakes, NJ) within 3.25 ± 1.52 minutes after umbilical cord 
rupture.  Glucose and insulin treatments were alternated by breed and administered 
within 5.35 ± 2.72 minutes after umbilical cord rupture.  Glucose-treated calves received 
25 gm glucose mixed with 30 mL of 0.91% w/v of NaCl administered orally.  The 
syringe was then filled with an additional 30 mL of 0.91% w/v of NaCl to dissolve any 
residual glucose and this solution was also administered orally.  Glucose-treated calves 
also received 1 mL 0.91% w/v of NaCl injected intramuscularly.  Insulin-treated calves 
received 1 mL insulin (Humulin® R, Lilly, Indianapolis, Indiana) injected 
intramuscularly and 60 mL 0.91% w/v of NaCl administered orally.  A second blood 
sample was obtained via jugular venipuncture into 10 mL evacuated blood collection 
tubes containing no anticoagulant within 57.85 ± 3.17 min from the time the treatment 
was administered.  All blood samples were allowed to clot at for 20 minutes.  Tubes were 
then centrifuged for 20 minutes at 3000 x g; serum was decanted into individually labeled 
12- x 75-mm polypropylene tubes, and stored at -20 degrees C until later analysis for 
leptin, ghrelin, glucose, non-esterified fatty acids (NEFA) and glutamate.  
 Calves were fed two quarts of colostrum replacer (Aquire®, APC, Ankeny, Iowa) 
at 1 hour of age (post blood sampling).  Colostrum replacer was reconstituted in 1.5 
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quarts of warm water (105 ºF / 40 ºC).  Suckling aggressiveness was assessed on a scale 
from 1 to 3 based on the following criteria: 
 1:  Failure to suckle: calf consumed less than ½ quart of colostrum replacer 
within 5 minutes 
 2:  Moderate suckling:  calf consumed ½ to 1½ quarts of colostrum replacer 
within 5 minutes 
 3:  Suckled aggressively: calf consumed more than 1½ - 2 quarts of colostrum 
replacer within 5 minutes 
Colostrum not voluntarily consumed within 5 minutes was fed via esophageal intubation.  
Blood Metabolite and Hormone Analysis 
Glucose 
Serum glucose concentrations were analyzed in duplicate using 
spectrophotometric techniques using a commercial kit (GLU Gluco-quant Glucose/HK, 
Roche Diagnostics Corporation, Indianapolis, IN).  In brief, glucose-6-phosphate 
dehydrogenase oxidizes glucose-6-phosphate in the presence of NADP to gluconate-6-
phosphate.  No other carbohydrate is oxidized; therefore, the rate of NADPH formation 
during the reaction is directly proportional to the glucose concentration and is measured 
by optical density.  Intra-assay CV for this assay was 1.71%.    
Non-Esterified Fatty Acids (NEFA) 
Serum NEFA concentrations were analyzed in triplicate by enzymatic techniques 
using (NEFA-HR (2), Wako Diagnostics, Richmond, VA).  Serum NEFA treated with 
acyl-CoA synthetase yields adenosine monophosphate and pyro-phosphate.  The addition 
of acyl-CoA oxidase to oxidize acyl-CoA yields hydrogen peroxide.  Hydrogen peroxide 
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is determined by the peroxidase oxidative coupling of 3-methyl-N-ethyl-N-aniline with 4-
amino-antipyrine and the residue is measured by optical density.  Intra-assay CV for this 
assay was 4.13%. 
Glutamate 
Serum glutamate concentrations were analyzed in triplicate by enzymatic 
determination (Glutamate, Biovision, Mountain View, CA).  Glutamate dehydrogenase 
oxidizes glutamate and forms NADPH.  The rate of NADPH formation during the 
reaction is directly proportional to the glutamate concentration and is measured by optical 
density.   Intra-assay CV for this assay was 3.26%. 
Leptin 
Serum leptin concentrations were analyzed in duplicate using a commercial 
radioimmunoassay kit (Multi-Species Leptin RIA Kit, Linco Research, St. Charles, MO).  
A fixed concentration of labeled tracer antigen is incubated with a constant dilution of 
antiserum such that the concentration of antigen binding sites on the antibody is limited.  
After unlabeled antigen is added to this system, there is competition between labeled 
tracer and unlabeled antigen for the limited and constant number of binding sites on the 
antibody.  Thus, the amount of tracer bound to antibody will decrease as the 
concentration of unlabeled antigen increases.  This is measured after separating antibody-
bound from free tracer and counting one or the other, or both fractions.  Intra-assay CV 
for this assay was 1.97%. 
Ghrelin 
 
Serum ghrelin concentrations were analyzed in duplicate using a commercial 
radioimmunoassay kit (Ghrelin Total RIA Kit, Linco Research, St. Charles, MO).  For 
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this assay, a fixed concentration of labeled tracer antigen is incubated with a constant 
dilution of antiserum such that the concentration of antigen binding sites on the antibody 
is limited.  When unlabeled antigen is added to this system, there is competition between 
labeled tracer and unlabeled antigen for the limited and constant number of binding sites 
on the antibody.  Thus, the amount of tracer bound to antibody will decrease as the 
concentration of unlabeled antigen increases.  This is measured after separating antibody-
bound from free tracer and counting one or the other, or both fractions.  Intra-assay mean 
CV for this assay was 3.64%. 
Statistical Analysis 
Glucose, non-esterified fatty acids, glutamate, leptin, and ghrelin were analyzed 
using the General Linear Model procedures of SAS® (SAS Institute, 2001) according to 
the following model: 
Yij = µ + Bi + Sj + Tk + BTik + STij + eijk 
Where: 
Y = the dependent variable, 
µ = the overall mean, 
Bi = the fixed effect of breed i (i = BS, H), 
Sj = the random effect of the jth suckling aggressiveness score level (j = 1, 2, 3), 
Tk = the fixed effect of treatment k (k = G, I), 
BTik = the fixed effect of the interaction between the ith breed level and the kth treatment 
level, 
STjk = the fixed effect of the interaction between the jth suckling aggressiveness score  
level and the kth treatment level, 
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eijk = the residual error. 
The FREQ procedure with the CHISQ option of SAS 9.1® (SAS Institute, 2001) 
was used to determine the frequency of suckling aggressiveness scores within each breed 
and the frequency of treatment within each breed. 
Differences between means were determined by the method of least squares 
means.  Because glutamate concentrations at birth (pre-treatment) were different between 
insulin- and glucose-treated calves, pre-treatment concentrations of glutamate were used 
as a co-variable in the analysis of 1 hour post-treatment glutamate samples.  Data 
reported in tables are least squares means.  Data reported in graphs are arithmetric means. 
Contrasts were performed to compare different combinations of suckling aggressiveness 
scores (1 vs 2 vs 3, 1+2 v 3, 1 vs 2+3).  Significance was declared at P < 0.05.  Trends 
were declared between P > 0.05 and P < 0.10.   
Results 
Breed Differences 
The frequency distribution of suckling aggressiveness scores in Brown Swiss 
calves were significantly different (P = 0.0085) than suckling aggressiveness scores in  
Holstein calves (Table 6).  Brown Swiss calves had a higher frequency of lower suckling 
aggressiveness scores; while Holstein calves had a higher frequency of higher suckling 
aggressiveness scores. The frequency distribution of suckling aggressiveness scores in 
glucose-treated calves were not significantly different (P = 0.4898) than in calves treated 
with insulin (Table 7).   
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Table 6.  Brown Swiss calves had a higher frequency (P = 0.0085) of lower suckling 
aggressiveness scores while Holstein calves had a higher frequency of higher suckling 
aggressiveness scores.  
 
  SAS 1 SAS 2 SAS 3 
Brown Swiss 
66.67% 
n=6 
33.33% 
n=3 
0% 
n=0 
Holstein 
10.00% 
n=1 
30.00% 
n=3 
60.00% 
n=6 
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Table 7.  Frequency distribution of suckling aggressiveness scores for calves treated with 
glucose and with insulin were not significantly different (P = 0.4898). 
 
  SAS 1 SAS 2 SAS 3 
Glucose 
33.33% 
n=3 
44.44% 
n=4 
22.22% 
n=2 
Insulin 
40.00% 
n=4 
20.00% 
n=2 
40.00% 
n=4 
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 At Birth (Pre-treatment) 
Mean glucose, leptin and ghrelin concentrations at birth were not different 
between breeds, between treatment groups, or between calves that had different suckling 
aggressiveness scores (Table 8).  Mean NEFA concentrations tended (P = 0.0538) to be 
lower in calves that subsequently suckled weakly (suckling aggressiveness score of 1 and 
2) than calves that subsequently suckled more aggressively (suckling aggressiveness 
score of 3) (Figure 19).  Mean NEFA concentrations were not different between breeds or 
between treatment groups (Table 8).  Mean glutamate concentrations in Brown Swiss 
calves were lower (P = 0.0270) than in Holstein calves (Figure 20).  Mean glutamate 
concentrations were lower (P = 0.0151) in calves subsequently treated with glucose than 
calves treated with insulin (Figure 21).  Mean glutamate concentrations tended (P = 
0.0869) to decrease as subsequent suckling aggressiveness scores increased (Figure 22). 
Mean glutamate concentrations also tended (P = 0.0748) to be lower for calves with 
suckling aggressiveness scores of 3 when compared to calves subsequently scored 1 and 
2 (Figure 23).  
1 Hour After Birth (Post-treatment)  
Glucose 
Glucose concentrations in calves treated with glucose and those treated with 
insulin were significantly different (P < 0.0001) (Table 9).  Glucose-treated calves had a 
mean glucose value of 74.167 mg/dl at birth and a mean glucose concentrations of 187.19 
mg/dl at 1 hour after birth (post-treatment).  Insulin-treated calves had a mean glucose 
concentration of 72.792 mg/dl at birth and a mean glucose concentration of 27.875 mg/dl 
at 1 hour after birth (post-treatment) (Figure 24).  Mean glucose concentrations in Brown 
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Table 8.  Least squares means serum glucose, NEFA, glutamate, leptin and ghrelin 
concentrations in calves at birth (pre-treatment) by breed, treatment and subsequent 
suckling aggressiveness scores. 
 
  
Breed (B) Treatment (T) Suckling Aggressiveness  Scores (SAS) 
BS H G I 1 1+2 2 2+3 3 
Glucose 
(mg/dl) 
68.48 ± 
15.74 
78.48 ± 
15.74 
74.17 ± 
11.84 
72.79 ± 
11.41 
77.00 ± 
16.44 
74.46 ± 
10.21 
68.00 ± 
17.76 
72.84 ± 
10.56 
75.44 ± 
19.57 
NEFA 
 (mEq/l) 
7.553 ± 
1.926 
11.73 ± 
1.926 
9.673 ± 
1.449 
9.606 ± 
1.396 
8.066 ± 
2.012 
7.699 ± 
1.246 
7.822 ± 
2.173 
9.796 ± 
1.438 
13.03 ± 
2.395 
Glutamate 
(mmol) 
6.037 ± 
0.624 
8.753 ± 
0.624 
6.458 ± 
0.469 
8.333 ± 
0.453 
8.711 ± 
0.652 
8.036 ± 
0.441 
7.742 ± 
0.704 
6.911 ± 
0.477 
5.733 ± 
0.776 
Leptin  
(ng/ml 
HE) 
1.118 ± 
0.058 
1.221 ± 
0.060 
1.152 ± 
0.047 
1.188 ± 
0.041 
1.152 ± 
0.066 
1.174 ± 
0.040 
1.216 ± 
0.066 
1.173 ± 
0.039 
1.142 ± 
0.072 
Ghrelin 
(pg/ml) 
435.0 ± 
61.12 
375.7 ± 
61.12 
407.2 ± 
48.65 
403.6 ± 
43.85 
391.0 ± 
68.26 
418.2 ± 
49.99 
341.2 ± 
68.26 
391.2 ± 
44.68 
483.9 ± 
75.22 
BS – Brown Swiss  
H – Holstein 
1 – Failure to suckle 
2 – Suckled moderately 
3 – Suckled aggressively 
 
Contrasts 
    Suckling Aggressiveness Score       
B T 1 v 2 v 3  (1+2) v 3  1 v (2+3) B*T B*SAS T*SAS 
Glucose NS NS NS NS NS NS NS NS 
NEFA NS NS NS P < 0.10 NS NS NS NS 
Glutamate P < 0.05 P < 0.05 P < 0.10 P < 0.10 NS NS NS NS 
Leptin  NS NS NS NS NS NS NS NS 
Ghrelin NS NS NS NS NS NS NS NS 
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Figure 19.  Mean NEFA concentrations in calves at birth (pre-treatment) tended to be 
lower (P = 0.0538) in calves that subsequently suckled poorly (SAS 1 and 2) compared to 
calves that subsequently suckled aggressively (SAS 3).  
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Figure 20.  Mean glutamate concentrations were lower (P = 0.0270) in Brown Swiss 
calves at birth than in Holstein calves at birth (pre-treatment). 
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Figure 21.  Mean glutamate concentrations were lower (P = 0.0151) at birth in calves that 
were subsequently treated with glucose than in those that were subsequently treated with 
insulin. 
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Figure 22.  Mean glutamate concentrations at birth tended to decrease (P = 0.0869) with 
increasing subsequent suckling aggressiveness score (SAS). 
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Figure 23.  Mean glutamate concentrations in calves at birth tended to be higher (P = 
0.0748) in calves that subsequently suckled weakly (SAS 1 and 2) than in calves that 
subsequently suckled more aggressively (SAS 3).  
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Table 9.  Least squares means for serum glucose, NEFA, glutamate, leptin and ghrelin 
concentrations of calves at one hour of age (post-treatment) for breed, treatment and 
suckling aggressiveness. 
 
  
Breed (B) Treatment (T) Suckling Aggressiveness  Scores (SAS) 
BS H G I 1 1+2 2 2+3 3 
Glucose 
(mg/dl) 
72.62 ± 
21.40 
142.5 ± 
21.40 
187.2 ± 
16.09 
27.88 ± 
15.51 
149.9 ± 
22.35 
129.1 ± 
14.71 
116.0 ± 
24.14 
101.8 ± 
18.08 
56.65 ± 
26.60 
NEFA 
(mEq/l) 
48.84 ± 
15.14 
82.64 ± 
15.14 
68.73 ± 
11.39 
62.74 ± 
10.97 
85.68 ± 
15.82 
76.61 ± 
10.62 
57.40 ± 
17.08 
57.22 ± 
10.13 
54.13 ± 
18.82 
Glutamate 
(mmol) 
4.979 ± 
0.541 
7.649 ± 
0.541 
5.859 ± 
0.407 
6.769 ± 
0.392 
7.055 ± 
0.565 
6.478 ± 
0.425 
6.659 ± 
0.611 
6.033 ± 
0.395 
5.227 ± 
0.673 
Leptin 
(ng/ml 
HE) 
1.105 ± 
0.058  
1.313 ± 
0.058 
1.256 ± 
0.046 
1.162 ± 
0.041 
1.281 ± 
0.064 
1.245 ± 
0.039 
1.240 ± 
0.064 
1.179 ± 
0.041 
1.106 ± 
0.071 
Ghrelin 
(pg/ml) 
349.2 ± 
56.16 
370.0 ± 
56.16 
369.9 ± 
42.24 
349.2 ± 
40.70 
434.9 ± 
58.66 
388.1 ± 
44.15 
276.7 ± 
63.36 
307.3 ± 
39.46 
367.3 ± 
69.82 
BS – Brown Swiss  
H – Holstein 
1 – Failure to suckle 
2 – Suckled moderately 
3 – Suckled aggressively 
 
Contrasts 
    Suckling Aggressiveness Score       
B T 1 v 2 v 3  (1+2) v 3  1 v (2+3) B*T B*SAS T*SAS 
Glucose P < 0.10 P < 0.05 NS P < 0.10 NS NS NS NS 
NEFA NS NS NS NS NS NS NS NS 
Glutamate P < 0.10 NS NS NS NS NS NS NS 
Leptin  P < 0.10 NS NS NS NS NS NS NS 
Ghrelin NS NS NS NS P < 0.10 NS NS NS 
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Figure 24.  Mean glucose concentrations were higher (P = 0.0001) post-treatment (1 hour 
of age) in calves treated with glucose than in calves that were treated with insulin. 
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Swiss calves tended (P = 0.0821) to be lower than in Holstein calves (Figure 25) at 1 
hour of age.  Calves that suckled weakly (suckling aggressiveness score 1 + 2) tended (P 
= 0.0806) to have higher mean glucose concentrations than calves that suckled 
aggressively (suckling aggressiveness score 3) (Figure 26). 
Non-Esterified Fatty Acids (NEFA) 
Mean NEFA concentrations were not different between breeds, by treatment, or 
between calves with different suckling aggressiveness scores at 1 hour after birth (post-
treatment) (Table 9). 
Glutamate 
Mean glutamate concentrations were not different by treatment or between calves 
with different suckling aggressiveness scores (Table 9); however, Brown Swiss calves 
tended (P = 0.0814) to have lower glutamate concentrations than Holstein calves 1 hour 
after birth (post-treatment) (Figure 27). 
Leptin 
Mean leptin concentrations were not different by treatment or between calves 
with different suckling aggressiveness scores (Table 9).  However, Brown Swiss calves 
tended (P = 0.0586) to have lower mean leptin concentrations than Holstein calves 
(Figure 28).  
Ghrelin 
Mean ghrelin concentrations were not different by treatment or between breeds 
(Table 9).  Calves that suckled weakly (suckling aggressiveness scores 1) tended (P = 
0.0841) to have higher mean ghrelin values than calves that suckled aggressively 
(suckling aggressiveness scores of 2 and 3) (Figure 29).  
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Figure 25.  Mean glucose concentrations tended to be lower (P = 0.0821) in Brown Swiss 
calves at 1 hour of age than in Holstein calves at 1 hour of age (post-treatment). 
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Figure 26.  Mean glucose concentrations in calves at 1 hour of age (post-treatment) 
tended to be higher (P = 0.0806) in calves that suckled poorly (SAS 1 and 2) compared to 
calves that suckled aggressively (SAS 3).  
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Figure 27.  Mean glutamate concentrations tended to be lower (P = 0.0814) in Brown 
Swiss calves at 1 hour of age than Holstein calves at 1 hour of age (post-treatment). 
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Figure 28.  Mean leptin concentrations tended to be lower (P = 0.0586) in Brown Swiss 
calves at 1 hour of age than in Holstein calves at 1 hour of age (post-treatment). 
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Figure 29.  Mean ghrelin concentrations in calves at 1 hour of age (post-treatment) tended 
to be higher (P = 0.0841) in calves that suckled poorly (SAS 1) compared to calves that 
suckled aggressively (SAS 2 and 3).   
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Discussion 
Glucose concentrations were not different between breed, treatment, or suckling 
aggressiveness scores at birth, confirming results obtained by Den Beste et al. 
(unpublished data – Appendix B).  These data suggest glucose probably does not play a 
major role in suckling aggressiveness in dairy calves.  However, Brown Swiss calves 
tended to have lower glucose concentrations than Holstein calves, suggesting Brown 
Swiss calves may have a higher demand for glucose or that they may utilize glucose more 
rapidly than Holstein calves.   
Previous reports documented that Brown Swiss calves suckle weakly when 
compared with Holstein calves (Rossoni et al., 2005; Santus, 2003; Zemp, 2003); data 
from this study is consistent with those conclusions.    
 Consistent with data from Den Beste et al. (unpublished data), leptin and ghrelin 
concentrations in the current study were not significantly different between breeds, 
treatments, or across suckling aggressiveness scores.  However, NEFA concentrations did 
not significantly differ pre-treatment or post-treatment in the current study, which 
conflicts with the results of Den Beste et al. (unpublished data).  There may be a number 
of reasons for this; in the first study there was considerable variation in the time after 
birth that the first and second samples were taken.  Also, treatment with glucose or 
insulin could influence the way NEFAs are mobilized. 
 Lastly, glutamate concentrations were significantly different by breed and 
treatment and tended to be different by suckling aggressiveness scores in pre-treated 
calves.  Breed differences were still apparent in post-treatment samples.  Prior to 
treatment, Brown Swiss calves had lower concentrations of glutamate than Holstein 
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calves and calves that subsequently suckled weakly had higher concentrations of 
glutamate than calves that subsequently suckled more aggressively.  Furthermore, 
additional research is needed to more fully understand factors that regulate suckling 
aggressiveness and those that initiate suckling in calves at birth.  
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CHAPTER FOUR 
GENERAL CONCLUSIONS 
The objectives of these studies were to investigate metabolic and endocrine 
factors that may affect suckling aggressiveness in dairy calves.  In both studies there were 
no differences between suckling aggressiveness and glucose, leptin, or ghrelin, 
suggesting that these constituents have no effect on suckling aggressiveness.  However, 
there were conflicting results between studies on concentrations of NEFA and subsequent 
suckling aggressiveness scores.  In the initial study, calves that subsequently suckled 
weakly did have lower NEFA concentrations at birth and immediately prior to suckling 
than those that suckled more aggressively and there tended to be lower NEFA 
concentrations at birth and immediately prior to suckling in Brown Swiss calves that 
subsequently suckled weakly.  Neither of these conclusions was observed in the second 
study.   
 In the second study glutamate concentrations were significantly different by breed 
and treatment and tended to be different by suckling aggressiveness scores in pre-treated 
calves.  Breed differences were still apparent in post-treatment samples.  Prior to 
treatment, Brown Swiss calves had lower concentrations of glutamate than Holstein 
calves and calves that subsequently suckled weakly had higher concentrations of 
glutamate than calves that subsequently suckled more aggressively.   
The discrepancies in data between the two projects demonstrate the importance of 
accurate sampling and accurate assays.  The large variation in sampling times in the first 
study could attribute to the differences in results for NEFA concentrations between the 
two studies.  Strawn (1995) showed how rapidly concentrations of various metabolic and 
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endocrine constituents can change over time.  The other issue that impacted our data is 
assay validation.  In the first study a glucose kit by Wako was initially utilized that 
produced inaccurate data that lead to our initial conclusions and basis for the second 
study.  Also, Ehrhardt et al. (2000) discovered leptin concentrations measured by the 
Linco multi-species kit may be considerably lower than concentrations of leptin 
measured using a bovine RIA kit.   
In conclusion, additional research is needed to more fully understand factors that 
regulate suckling aggressiveness and those that initiate suckling in calves at birth.  
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APPENDIX A 
STANDARD OPERATING PROCEDURES FOR THE EXPERIMENT 
Protocol for Validation of Sigma Glucose Assay Kit 
 
1. Label six 75x100 polysterene tubes 1, 2, 3, 4 and 5 
2. Pipette 100 microliters of deionized water into tubes 3, 4 and 5 
3. Pool serum samples from newborn calves 
4. Vortex pooled sample 
5. Pipette 200 microliters of sample into tube 1 
6. Vortex tube 1 
7. Pipette 100 microliters of tube 1 into tube 2 
8. In a beaker dissolve 200 mg glucose in 100 ml of deionized water 
9. Vortex dissolved glucose mixture 
10. Pipette 100 microliters of glucose mixture into tube 2 
11. Vortex tube 2  
12. Pipette 100 microliters of tube 2 into tube 3 
13. Vortex tube 3 
14. Pipette 100 microliters of tube 3 into tube 4 
15. Vortex tube 4 
16. Pipette 100 microliters of tube 4 into tube 5 
Note: Change tip for every dilution.  Tubes should contain the following levels of 
glucose:  
 Tube 1: Pure sample (baseline serum level) 
 Tube 2: Sample + 200 mg/dl glucose 
 Tube 3: 50% of tube 2 
 Tube 4: 25% of tube 2 
 Tube 5: 12.5% of tube 2 
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APPENDIX B 
ADDITIONAL FIGURES 
 Figures A1 – A9 contains data that was collected during the experiment but not 
discussed in Chapter 2.  
82 
 
Figure A1.  Glucose concentrations analyzed by Roche diagnostics kit and Wako 
diagnostics kit were positively correlated (R = 0.89941). 
 
.  
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Figure A2.  Mean glucose concentrations at 1 hour after birth (pre-suckling) for Brown 
Swiss and Holstein calves as determined by two assays.  
 
 
 
 
84 
 
Figure A3.  Mean glucose concentrations at 1 hour after birth (pre-suckling) for Brown 
Swiss and Holstein calves with different levels of suckling aggressiveness as measured 
by two different assays. 
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Figure A4.  Glucose concentrations at 1 hour after birth (pre-suckling) for calves with 
different levels of suckling aggressiveness as measured by two different assays. 
 
 
 
 
 
86 
 
Figure A5.  Glucose concentrations at 1 hour after birth (pre-suckling) for Brown Swiss 
and Holstein calves at different levels of suckling aggressiveness as measured by two 
different assays. 
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Figure A6.  Glucose concentrations at 1 hour after birth (pre-suckling) in Brown Swiss 
and Holstein calves at different levels of suckling aggressiveness as measured by two 
different assays. 
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Figure A7.  Glucose concentrations at 5 minutes into suckling for Brown Swiss and 
Holstein calves as measured by two different assays. 
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Figure A8.  Glucose concentrations at 10 minutes into suckling for Brown Swiss and 
Holstein calves as measured by two different assays. 
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Figure A9.  Comparison of at birth and pre-suckling NEFA concentrations of calves on 
project one (at birth samples collected at 25.00 ± 15.77 minutes, pre-suckling samples 
collected at 79.00 ± 61.79 minutes) vs. calves on project two (at birth samples collected 
at 3.25 ± 1.52 minutes, pre-suckling samples collected at 57.85 ± 3.17 minutes).  
 
 
 
 
 
 
 
